The approximate force fields for a group of nitrogen halogen compounds like ONF3 , NF3 , NF2C1, NFClo, N F2D and NC13 were studied using the kinem atic methods of Herranz and Torkington. It was found that the application of T o r k i n g t o n's method yields a reliable set of potential energy constants consistent with other molecular constants. A linear relationship between the N -F bond stretching force constants and the bond order was found to exist. It was also found that the value of the N -F bond stretching force constant is proportional to the number of fluorine atoms substituted.
The determination of a unique set of symmetry force constants occuring in the most general force field representation, often becomes difficult when the number of independent force constants exceeds the total number of vibrational frequencies. To cir cumvent this difficulty simplified force fields such as UBFF1, OVFF2 and H B FF3 have been for mulated. To obtain physically meaningful set of potential energy constants recourse to other mole cular parameters such as the mean vibrational ampli tudes, rotational distortion constants, C o r i o 1 i s coupling constants and the vibrational frequencies of isotopic molecules, is sought. Such attempts have been made earlier by several authors like D u n c a n and M il s 4, A n n a M ir r i5 and Iw a sa k i and H ed b e rg 6.
The secular equation involving the potential and the kinetic energy matrices and the vibrational fre quencies is given by the well known relation 7,
GFL=LA
(1) This can be modified into simpler equations of the type
3) The crux of the problem of the force field study reduces to that of determining a suitable (L) matrix of transformation between the symmetry and the normal coordinates. The determination of this (L) matrix can be effected by the kinematic methods suggested by H er r a n z and Ca s t a n o 8, Bil l e s 9, Strey 10 and T o r k in g t o n 11. It is of interest to see how far every one of these methods is applicable to a group of polyatomic molecules which will lead to the most probable set of potential energy constants. For such a study the set of molecules ONF3, NF3 , NFoCl, NFC12 , NF2D and NC13 come in handy, which will give us an insight to the most suitable force constants for nitrogen halogen systems. Such an attempt is made here.
Potential Energy Constants
In all the kinematic methods mentioned above the (L) matrix is obtained from the inverse kinetic energy matrix (G) . The iU matrix of the 'charac teristic set' 8 is symmetric and corresponds to the matrix of maximum trace. The (GF) product matrix determined in B illes 9 method is symmetric, while the progressive rigidity m odel10 employs a tri angular (L) matrix which can be determined from the elements of the (G) matrix by the relation.
In the method of H e r r a n Z 8, B i l l e s 9 and S t r e y 10 the (L) matrix is written as
(5) where B is an orthogonal matrix which diagonalises G, M1/2 a diagonal matrix containing the square roots of the eigen values of G, and X any arbitrary orthogonal matrix which is determined from the constraints imposed in the calculations. The vibra tional assignments and the molecular parameters necessary for the calculation of the potential energy constants of the various nitrogen-halogen molecules (ONF3 , NF3 , NFoCl, NFCl, , NF2D and NC13) are given in Table I along with the references from which they are taken 12_1'.
The symmetry force constants for these molecules were determined by the use of the relation F = L_1 A L (6) where 'A' is a diagonal matrix containing the squares of the vibrational frequencies. The valence force constants obtained are presented in Table II .
Mean Amplitudes of Vibration
The vibrational mean square amplitudes for the various bonded and nonbonded atom pairs were evaluated from the symmetrized (^T) matrix constructed using Table III .
The Rotational Distortion Constants and the C o r io lis Coupling Constants
The rotational distortion constants were deter mined from the (1) matrix of transformation be tween the normal and the mass weighted cartesian coordinates constructed by the method of Oka and M o r in o 20 and A lti et al. 21 . These constants were evaluated from the expressions given by W ilso n and K iv e l so n 22,23. The Coriolis coupling constants were determined using the relation given by M eal and P o lo 24. Since the choice of the prin cipal axes is important in the determination of the rotational distortion constants and the Coriolis coupling constants the following convention was adopted in the present study. For the symmetric tops XY3 and XY3Z type molecules such as NF3 , NC13 and ONF3 the plane of the halogen atoms was as sumed to be the (XY) plane and the Z axis was taken as the one passing through the central nitrogen atom, perpendicular to this plane. In the case of the asymmetric tops XY2Z type molecules such as NF2C1, NFC12 and NF2D, the X axis was assumed to be the one pasisng through the two equivalent halogen atoms tained by H e r r a n z 8 method for ONF3 is very high compared to the calculated value of 11.92 mdynes/Ä of Muller et al. 25. Since ONF3 is a saturated mole cule the bond stretching force constants should be a minimum. The application of Ba d g e r 's rule 26 yields a value of 13.23 mdynes/A. Even in the case of ONF, a highly unsaturated molecule, the calculated value of the N = 0 stretching force constant is only 15.93 mdynes/Ä 27. This shows that the method of 'characteristic set of valence coordinates' is not ap plicable to this molecule. This is evident from the consideration of other constants also. In the case of (N -F) stretching force constant, the value of 5.76 mdynes/Ä appears to be high, in comparison with the reported value of 3.9 mdynes/Ä. The same trend is noticed in the case of other molecules also. In the case of NF3 , the value of the (N -F) 25 A. M u l l e r , G. N a g a r a j a n , and B. stretching force constant (6.4573 mdynes/Ä) ob tained using H er r a n z 8 method is high compared to the value of 4.3 mdynes/Ä obtained by A n n a M ir r i 5 and Otake et a l.12, in consistence with the experimental values of other molecular constants such as the rotational distortion constants and the C o r i o 1 i s coupling constants. However direct comparison is not possible in the case of other molecules. The values of the stretching force constants ob tained by H e r r a n z 8 method, though high, are essentially the same in the case of molecules like NFoD, NFoCl and ONF3 . This indicates that this method is useful in the comparative study of group of molecules for which the force constants are trans ferable. Because of the approximation involved in the determination of the (L) matrix by H e r r a n z 8 2, 1 R. M. In order to get at the suitable force fields for these molecules the other kinematic methods such as the method of B illes 9, and Strey 10 were also tried. In the case of NF3 and NC13 very high values corresponding to the bending force constant term and the interaction term in F matrix were obtained. Hence these methods are also unsatisfactory. Thus we are left with only the method suggested by T o r k in g t o n n .
As seen from Table II , the values of the stretching force constants / \ = o and /jj-f in various molecules are in good agreement with the values obtained by earlier workers5'12, 25 using a different approach. This shows that the molecular force field for the molecules under study is well represented by the F matrix obtained by the method of 'progressive rigidity'. The usefulness of this method is also con firmed by the calculation of the other molecular constants.
The mean amplitudes of vibration, calculated by the method of 'progressive rigidity' for NF3 (0. In the case of molecules like NF3 and NC13 for which the isotopic data are available, it was shown elsewhere 32 that the G r e e n's function analysis yields a reliable set of molecular constants. The values obtained by T o r k in g t o n 's m ethod11 for NC13 (2.11 Kc/sec for D j, 1.8 Kc/sec for Dk and -3.71 Kc/sec for Djk) agree very well with those from G r e e n's function analysis (Dj = 2.26 Kc/sec; Dk = 1.73 Kc/sec and Dj^ = -3.78 Kc/sec).
From a study of the potential energy constants of the group of molecules the bond orders for the various N -F bonds were determined using Go r d y 's 33 relationship. A linear relationship be tween the N -F stretching force constants and the bond order was found from a graphical study. It was also found that the N -F stretching force constant is proportional to the number of fluorine atoms substituted. A change in the N -F stretching force constant for the group of molecules NF3, NFoCl and NFCU was also noticed in consistence with the change in the electronegativity of the sub stituted atom.
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